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1. Introduction 
Links and nodes are the essential elements of network topology. No matter we consider 
people or goods transported in physical network or data delivered in logical network, the 
structure of network is determined by the arrangement of these components. Each network, 
regardless of its complexity, can be schematized as an abstract topological network with links 
and nodes only. So does the traffic network. 

In traffic simulation, road network are generally built up by connected links and nodes. Links 
are considered as the roads where the vehicles travel on. And nodes are the intersections of 
these links, which passing flows from and to different segments. Therefore, the connected 
links and nodes form a network to support vehicles’ movements from each origin to various 
destinations. 

Important for traffic simulation is the ability to mimic the propagation of vehicle flows along 
the network. That is the dynamic network loading (DNL) model, which, together with a route 
choice model, forms a dynamic traffic assignment (DTA) model. The node model is part of 
DNL model and plays significant role in simulating the flow’s motion.   

The node model is the mechanism of receiving flow and sending flow at a node. It reflects the 
movement of flow from upstream to downstream links and determines how much flow can be 
actually carried out. Flow is constrained by traffic demand and supply. In general, traffic 
demand are the flows which intend to move from incoming links to outgoing links. And 
traffic supply is defined as the maximum flows that outgoing links can receive. Because of the 
imbalance between demand and supply, actual flows are not as same as the demand flows.  
Therefore, node model is expected to be a distribution process of traffic flow, transforming an 
OD matrix into a flow matrix (see Figure 1). 
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Figure 1 OD matrix and flow matrix as input and output of the node model 

The general structure of a node model is shown in Figure 2. Each node model is connected 
with one or several incoming links (1,2…i) and outgoing links (1,2…j), which sending and 
receiving flow from and to node model. Incoming link i holds the flows that desire to move to 
each outgoing link, as the dij in row i of OD matrix. Sum of these demands are the total 
demand of incoming link i. But due to node constraints, actual flows qij may not as same as 
the demand, represented by the sending flow Si. We thus have a demand constraint: 

ij i
j

Inflow i q S                                                      (1) 

Outgoing link j receives flows from each incoming link, as the qij in j column of flow matrix. 
Outflow j is the total flows towards outgoing link j, which is restricted by the ability of the 
downstream link to accept more vehicles, indicated by receiving flow Rj. We thus have a 
supply constraint: 
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i

Outflow j q R                                                     (2) 

The turning fraction fij is defined as the ratio of flow qij over inflow i, which indicate the   
destination distribution of node inflow. From the opposite side, assuming the capacity of 
outgoing links is fully used, we can define priority fraction pij as the ratio of demand dij over 
capacity Rj. It is used for reflecting the distribution of capacity for each incoming flow. They 
can be written as: 
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Figure 2 Node model structure 

 

In Tampere et al. (2011) two functions of node model are described. First, node model 
imposes constraints on outflow of incoming links because imbalanced demand and supply. If 
node demand is larger than node supply, not all the demand flow can be satisfied and flow is 
then limited to the minimum flow that can be achieved. Therefore outflow of upstream links 
are constrained. 

The second function of node model is to see consistency between demand and supply 
constraints. From equations (1) and (2), we know that each flow qij are constrained by both 
two constraints. But the constraints imposed only on link inflow and outflow leads to the 
interactions between each flows. It means any change of qij may lead to changes of the other 
flow. Thus the node model distributes flow under the guarantee of consistency, and it 
becomes a flow optimization problem with demand and supply constraints.   

Two key papers in node model are introduced here to get further details about how the node 
model works. The paper on the Cell Transmission Model by Daganzo (1995) is introduced 
first with its merge and diverge models. Then the work of Tampere et al. (2011) is presented 
with the concept of capacity-proportional priorities. 

2. Node models in the Cell Transmission Model 
Daganzo (1995) first defines the two basic forms of a node model he considers: a merge 
model and a diverge model. Restricting the attention to networks with three-legged junctions, 
Daganzo described merge model as two links enter the cell and only one link leave it, while 
diverge model has one incoming link and two outgoing links. Valid node representations are 
outlined in paper and stressed that links can only belong to one of merge model and diverge 
model. Junctions with more legs are not allowed here. 



2.1 Merge model 
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Figure 3 Merge model 

Considering three-legged junction, we have two incoming links (i=1,2) and one outgoing link 
(j=1) in merge model (Figure 3). Then the objective of the merge model is to maximize the 
total flow q into the outgoing link: 

1 2Max q q q                                                           (4) 

Demand constraints of the incoming links are S1 and S2 respectively. The outgoing link has 
the supply constraint as R, with capacity priority fractions p1 and p2 for link 1 and link 2(

1 2 1p p  ). Then, because of demand and supply constraints, the flow should satisfy: 

1 1 2 2 1 2, ,q S q S q q R                                             (5) 

It is straightforward that if 1 2q q R  , then 1 2q q q  . Traffic state is free flow on both 

incoming links. This case is marked as (i). If 1 2q q R  , vehicles accumulate in at least one 
of the incoming links. Then two sub-conditions are considered. (ii) One link is congested and 
the other link is free flow, then solutions are 1 1 2 1, ,q S q R S q R    . (iii) Both links are 

congested, then flows are distributed by priority fractions as 1 1 2 2, ,q p R q p R q R   . With 
the help of Figure 4, these three cases are illustrated. The rectangle in figure represents the set 
of flows that satisfy each demand constraint. Point below downslope line 1 2q q R  meets 

the requirement of supply constraint. Line 1 1
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Figure 4 Diagram of feasible flows for a merge junction 



In Figure 4, case (i), the descending line does not cross the rectangular area, which means all 
flows satisfying demand constraints also satisfy the supply constraint. Therefore the flows are 
determined by minimum restrictions – the demand constraints – only, and the maximum flow 
should be the intersection of two demand boundaries (point P). Here free flow is expected in 
both upstream links. In case (iii) the descending line intersects the ascending line within the 
rectangle. Because the outgoing flow is distributed according to the capacity priorities which 
are proportional to the demands, to achieve maximum total flow, the solution is the 
intersection of these two lines, (point Q). Finally, in case (ii), the descending line is not totally 
above rectangle but it intersects the ascending line outside the rectangle. The intersection is 
not within the feasible flow set, indicating that no flows with these priorities can reach the 
maximum total flow R. Within the rectangle representing demand constraints, the maximum 
can be only achieved along line segment RR’. And since the supply on one of the incoming 
link is exhausted in case (ii), a solution can only achieved on one of the demand boundaries, 
leaving us with only the two endpoints of this line segment. The point is the point closest to 
the ascending line (point R), as q2 should not be further reduced than required by its demand 
constraint. 

Therefore, in case (ii) and (iii), it can be concluded that the solution point for this optimization 
problem is the middle point of the three intersection points of the descending supply 
constraint line. This solution is formulated as: 

 1 1 2 1mid , ,q S R S p R   ,   2 2 1 2mid , ,q S R S p R       if 1 2q q R              (6) 

2.2 Diverge model 
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Figure 5 Diverge model 

In the diverge model, there is one incoming link (i=1) and two outgoing links (j=1,2). The 
objective is to maximize the total  outflow q of the incoming link, and hence to maximize the 
total inflow of the downstream links. Demand constraint for incoming link is S, supply 
constraints are R1 and R2 respectively. With the turning fractions given, flows should satisfy  

1 1 1 2 2 2 1 2, ,q f q R q f q R q q S                                        (7) 

It is assumed that a vehicle unable to exit the incoming link hinder the vehicle behind, which 
implies that the first-in-first-out rule (FIFO) is applied in the diverge model, which is also 
known as conservation of turning fractions (CTF) in this context. Consequently, if the flow 
going to link 1 is constrained, the flow into link 2 is constrained accordingly. The solution of 
diverge model can be formulated as: 

 1 1 2 2min , / , /q S R f R f                                               (8) 

Note that the turning fractions can be specified explicitly, potentially as a function of time, but 
can also be derived by modelling traffic flows heterogeneously. In Daganzo (1995), traffic is 
for example disaggregated by destination, and we can then specify the turning fractions per 



destination. E.g. Yperman (2007) further generalizes this into the concept of multi-commodity 
modelling. Van der Gun et al. (2015) for example instead use disaggregation by origin to 
specify turning fractions. 

3. General node models 
The previously discussed node models only apply to simple merges and diverges. General 
node models with an arbitrary number of incoming and outgoing links are a lot more difficult 
to formulate. Tampère et al. (2011) cite Bliemer (2007) as a typical general model for which 
they provide a numerical example. 

An important problem with the Bliemer model, that also occurs in the previously described 
Daganzo (1995) merge model, is that it does not satisfy the so-called invariance principle. 
Introduced by Lebacque and Khoshyaran (2005), this principle states that flows across an 
intersection should not change during an infinitesimal time step if demand and supply remain 
constant. This principle turns out to be violated for any node model based on priority fractions 
as defined in Equation (3): here, congestion may be formed on an incoming link, resulting in 
an increased demand after an infinitesimal time step and consequently also a higher priority 
and higher flow. This creates unstable, alternating flows in the dynamic network loading 
process, which is not desirable. 

Before formulating a node model themselves, Tampère et al. first formulate the list of 
requirements it should satisfy: 

 Support arbitrary numbers of incoming and outgoing links. 

 Maximize flows. Similar to the difference between user-equilibrium and system-
optimal assignment, this may well be a local maximum because drivers approaching 
an intersection are selfish. This selfish behavior is modelled by supply constraint 
interaction rules (SCIRs). 

 Produce non-negative flows. 

 Conserve vehicles. 

 Satisfy demand and supply constraints of the connected links. There may be additional 
internal node supply constraints, e.g. to account for crossing flows that do not have an 
incoming or outgoing link in common. The previously mentioned SCIRs should also 
be satisfied. 

 Conserve turning fractions (CTF). 

 Satisfy the invariance principle. 

Then, they mathematically formulate node models for unsignalized and signalized 
intersections satisfying these requirements. The employed solution to satisfy the invariance 
principle is to define priorities proportional to the capacities (i.e. maximum demands) of 
incoming links rather than the current demands of incoming links. The unsignalized 
intersection model does not include node supply constraints, whereas the signalized 
intersection model includes node supply constraints representing the green phases of the 
traffic lights. The solution algorithm is too complex to describe here, so the interested reader 
is referred to the paper for details. Despite its complexity, it is guaranteed to converge to the 
solution within a fixed, finite number of iterations. 



4. Discussion 
One may wonder whether there exist other approaches to solve a general node model. As an 
alternative to the Tampère et al. (2011) algorithm, Flötteröd and Rohde (2011) propose an 
incremental procedure and extend that to include node supply constraints, finding the same 
solution in a different way. There seems plenty of work to do to operationalize and validate 
node models for all kinds of complex intersection shapes that exist in reality, including e.g. 
roundabouts. For example, Smits et al. (2015) show that while the invariance principle can be 
satisfied without assuming capacity-proportional priorities, the solution algorithms of the such 
node models may not fully converge within finite time. 

Although historically, as in Daganzo (1995), node modelling was only “part 2” after link 
modelling based on fundamentals like Kinematic Wave Theory, it now appears that node 
modelling has become more of a fundamental research area itself. 

We also like to note there is an analogy between the above discussion of node models and the 
lane change model of Laval and Daganzo (2006). That lane change model can be expressed in 
terms of a network, where each link represents a lane for the length of some segment and each 
node between segments represents an opportunity to change lanes. With this in mind, their 
lane change model is actually a node model with demand-proportional priorities. 
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